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Many natural and refinery gases contain hydrogen 
sulfide (H2S), carbon dioxide (C02) and water vapor. Gases 
containing hydrogen sulfide are classified as "sour" and 
gases free from hydrogen sulfide are called "sweet". 
Natural gas that is transported to the fuel market must meet 
legal requirements which specify a maximum hydrogen sulfide 
content. The need for this specification is due to a number 
of reasons: the desire to ~reduce corrosion in natural 
gas pipelines; for health and safety considerations because 
hydrogen sulfide is toxic and the combustion products result 
in sulfur dioxide and trioxide which are also toxic. 
In the past, natural gas containing 25 to 30% by volume 
acid gases was considered to be the maximum treated for sale 
but nowadays serious consideration is given to treating 
almost any natural gas. 
The removal of the acid gases (H2s and co2) from natural 
and refinery gases is commonly accomplished by absorption in 
a suitable solvent. Many processes employ an aqueous alka-
nolamine solution and are classed as "chemical" processes 
because alkanolamine has the ability to react with the acid 
gases. They have the advantage of being able to reduce the 
1 
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concentration of H2s and co2 to low levels even at low total 
pressures of the gas stream. However, the alkanolamine 
solutions do not remove mercaptans and other sulfur compounds 
readily and require the application of large quantities. of -
heat for regeneration. For these reasons the main trend in 
improving the process of acid gases removal has led to the 
development of "physical" processes which employ physical 
solvents to remove the H2S, co2 , and other sulfur compounds. 
These physical solvents require minimum expenditure of 
energy for regeneration, as most of the absorbed gases come 
out of the solution upon reduction of the pressure. 
The removal of carbon dioxide from natural gas is not 
necessarily compulsory if the heating value of the natural 
gas is sufficiently high with carbon dioxide. But the 
removal of hydrogen sulfide is accompanied by the removal of 
carbon dioxide because: (1) carbon dioxide has similar acid 
characteristics; (2) the chemical solvent that reacts with 
H2s will also react with co2 ; (3) the physical solvent that 
absorbs H2S will also absorb co2 . The real problem is the 
level at which hydrogen sulfide is being removed. Typical 
contract specification in the United States is one quarter 
of a grain per one hundred standard cubic feet. This 
translates into 4xl0- 6 mole fraction which is a very low 
concentration. 
The ultimate objectives of this research are: (1) 
develop a simple procedure for measuring vapor liquid 
equilibrium (VLE) ratios (K-values); (2) measure the 
equilibrium ratios for materials frequently and widely used 
as physical solvents for natural gas sweetening. 
The primary application of equilibrium ratios (Ki) is 
3 
in the design of separation processes. It is a thermodynamic 
vapor-liquid equilibrium measure of a component to concentr-
ate in the vapor phase. If Ki is less than unity, component 
i concentrates in the liquid phase and is regarded as a 
heavy component. 
The physical solvents employed in this work are used to 
remove hydrogen sulfide and carbon dioxide when they appear 
in high concentrations in natural gas. Only limited data 
are available in the literature for any of the materials 
investigated and for most, there are no data. The reason 
the data did not exist is the expense of collecting the data. 
Developing and improving the technique used in this study 
will simplify the cost tremendously. But the work was done 
because the data are needed and collection of the data could 
be accomplished. 
The proving of the technique used in this study for 
measuring equilibrium ratios is discussed in detail in 
Chapter IV. 
Analysis of the H2s- co2- methane system by chromato-
graphy is very difficult and for this reason the analytical 
expertise of Dr. G. J. Mains of the Oklahoma State Univer-
sity Department of Chemistry was used in this study. 
The systems studied were: 
1. co2- CH4- propylene carbonate 
2. co2- CH4- Tetra-ethylene-glycol-dimethyl-ether 
3. co2- CH4- Tetra-hydrothiophene-1-1-dioxide 
4. H2S- CH4- Propylene carbonate 
5. H2S- CH4- Tetra-ethylene-glycol-dimethyl-ether 
6. H2S- CH4- Tetra-hydrothiophene-1-1-dioxide 
Experimental measurements were made at pressures to 
1000 psia and temperatures from 50 to 150°F. These cover 





Information on equilibrium vaporization (VLE) for 
physical solvents in sour gas streams is practically non-
existent and those data that do exist are proprietory and 
not published. 
The sulfolane process for acid gas remOval was devel-
oped in early 1950. 40 Sulfolane has been thoroughly inves-
tigated by Shell but the data cannot be seen without signing 
a secrecy agreement. The use of propylene carbonate as 
physical solvent for acid gas removal was patented by the 
Fluor Corporation and was originally described by Kohl and 
Buckingham. 4 
However, the literature data on vapor liquid equilibrium 
studies on other systems other than the physical solvents is 
full and various approaches had been used to obtain these 
data. This chapter is not intended to be an exhaustive 
review of such studies but a survey of some of the most 
important methods of measurement and usable data collections 
to be able to see the similarities and differences with the 
technique developed for this study. 
The work of Katz and Hachmuth24 was one of the early 
works to be published. They investigated naturally occuring 
5 
mixtures of crude oil-natural gas in an equilibrium bomb at 
pressures up to 3000 psia and temperatures ranging from 40° 
to 200°F. Samples of both the liquid and vapor phases were 
obtained and analyzed in fractionating columns. 
Donelly and Katz11 studied phase equilibrium for the 
CH4 - co2 system with a glass-windowed pressure cell in an 
alcohol bath. Equilibrium was obtained by recirculating 
vapor through the liquid. Samples of vapor and liquid were 
withdrawn by expansion to atmospheric pressure and analyzed 
by absorbing the carbon dioxide in caustic solution. 
Reamer55 and co-workers studied the methane-hydrogen 
sulfide system employing a modified mercury displacement 
dew-point bubble-point apparatus. The composition of the 
dew-point gas was determined by direct analytical methods. 
They studied the phase and volumetric behavior of five 
mixtures of these two components at temperatures ranging 
from 40° to 340°F and pressures from 200 to 1000 psia. In 
addition to the volumetric measurements, they sampled the 
gas phase from the heterogeneous mixtures of methane and 
hydrogen sulfide and determined the composition by measure-
ment of the specific weight. 
6 
Kohn and Kurata27 - 28 also made measurements on the 
methane-hydrogen sulfide system at high pressures from 118° 
to 220°F. The method employed was the introduction of known 
increments of homogeneous gas mixtures into a glass 
equilibrium cell maintained at fixed temperature. The 
attainment of equilibrium was facilitated by agitating the 
rtrixturewith a magnetically actuated steel ball. The gas 
mixtures were analyzed by vapor density measurements. 
Muhlbauer et al. , 46 Jones, et a1. 22 and Martin, et 
a1. 39 investigated chemically reacting systems. Muhlbauer 
et al. 44 measured co2 and H2s equilibrium data in ethano-
7 
lamine solutions. In their work, equilibrium was established 
by bubbling the gas through the solution. Both liquid and 
gas samples were taken at equilibrium and analyzed. The 
liquid samples were analyzed by potentiometric titration 
while the gas samples were analyzed by mass spectrometer. 
Jones et al. 22 determined the solubility of H2s and co2 
in MEA at high pressure and temperatures of 40 to 140°C. 
Equilibrium was established by rocking the equilibrium 
vessel. The vapor sample was taken and analyzed by mass 
spectrometer while the amount of sample in the liquid phase 
was determined by weight. 
Martin et a1. 41 determined the solubility of H2s andco2 
in diglycolamine. The apparatus used in that study consisted 
of a Jerguson gauge mounted at the top of the equilibrium 
cell. A magnetic pump was used to circulate the gas phase 
from the gas reservoir to the bottom of the gauge. Ten-
junction copper-constantan thermopiles were used to measure 
the temperature of the cell. Samples of the vapor were 
withdrawn and analyzed by gas chromatograph. The partial 
pressure of co2 or H2s was calculated from the analysis. 
Liquid samples were also withdrawn from the cell at atmos-
pheric pressure and their temperature was measured. From 
the P-V-T data, the amount of gas which evolved was 
determined and the ratio of co2 or H2S to DGA in the liquid 
phase was calculated. 
8 
Oghaki et a1. 50 measured equilibrium data for the 
methanol-carbon dioxide system isothermally at 25 and 40°c. 
They employed a static method of data collection and vapor 
samples were withdrawn and compositions determined by gas 
chromatograph. By using the Lewis rule and the Redlich 
Kwong equation of state for co2 in the vapor phase, they 
were able to compute the activity coefficients in the liquid 
phase and the fugacity coefficients in the vapor phase. 
Amongst the work reported in the literature for physical 
solvents is that of Isaac et al. 21 on propylene carbonate. 
They utilized the same apparatus and technique as that of 
Martin et a1. 41 to measure the solubility of H2s and co2 in 
propylene carbonate. Worth mentioning in the work of Martin 
et al. 41 and Isaac et al. 21 is that they used pure component 
pressure over the solution as the equivalent partial 
pressure in the solution. This study used mixtures of 




The idea behind the experimental rig presented in this 
study came from the work of Woertz. 70 Vapor-liquid 
equilibrium constants were measured by sampling only the 
vapor phase and determining equilibrium ratios by material 
balance. Full details of proving this technique for 
obtaining equilibrium ratios are discussed in detail in 
Chapter IV. 
The experimental set up as depicted in Figure 1 consis-
ted of the equilibrium cell with an HTL gauge mounted at the 
top, the gas feed lines, and the liquid feed lines. Compo-
sitions were determined using a gas chromatograph. The 
approach to equilibirum was determined by removing samples 
at different time periods till there was no further change. 
Equilibrium Cell 
There were two equilibrium cells identical in all 
respects. They were obtained from Whitey (304-HDF4) made 
of stainless steel and each had a volume of approximately 
1 liter. The volume calibration of the cells were made by 
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were two major (1/4") entrances into each of the cells, one 
at the top and the other at the bottom. The top entrance 
served the purpose of material charging and gas sample 
withdrawal from the cell while the bottom entrance made 
installation of a thermocouple into the cells possible. All 
connection lines are 1/4" O.D. 304 stainless steel tubing. 
Pressure Measuring Device 
All pressure measurements were made with a RTL pressure 
gauge (model # 101FTM13A41, Perma CA) with 10 psi subdivi-
sions (range 0 to 2000 psi). The accuracy of the gauge 
specification is stated to be 1/4% of full scale. The 
calibration of the pressure gauge was carried out using a 
Ruska Model 2400 HL dead weight tester. The calibration 
data are presented in Appendix C. 
Gas Feed System 
The gas feed system consisted of H2S, co2 and CH4 
cylinders to simulate raw natural gas. Each gas cylinder 
was fitted with a regulator and valve (1/8") leading to the 
gas feed system. The whole system is connected to a vacuum 
pump (Welch Duo-seal, 1/3 horse power) capable of pumping 
the test cell and sample container down to lxl0-3 mm Hg. to 
remove air. 
Liquid Feed System 
The liquid feed system consisted of a Ruska displace-
12 
ment pump at the center. To the outlet of the pump is the 
equilibrium cell and to the inlet is the 500 ml. burette 
(Kimax) in which is contained the solvent to be transferred 
into the equilibrium cell. The volume of the liquid held up 
in the liquid line between the pump and the entrance of the 
equilibrium cell was calibrated to be approximately 9 ml. 
The amount of liquid transferred from the burette through 
the pump into the equilibrium cell is simply determined by 
taking the difference between the initial and final readings 
of the graduated burette. 
Temperature Measurement and Control Bath 
The major components of the bath were the heater, the 
cooler, and the temperature controller. The bath fluid was 
water. 
The temperature controller was Fisher (model 44, 
catalog No. 15-177) with a range of -40 to 1S0°c. The unit 
0 responded to a temperature change of ±0.003 C. 
For low temperature measurement (S0°F), the water bath 
was put under a cooling load from a Sargent water cooler 
(E. H. Sargent & Co., Catalog No. 884890). The coolant 
employed was 1-propanol which was circulated through a 
copper coil to maintain the temperature constant at the 
desired value. 
The temperature of the coolant was held constant to 
within ±1°c by means of the controller which regulated the 
on-off cycle of the circulating pump. Temperature 
13 
measurements were made by the use of a cromel-alumel thermo-
couple. The thermocouple was installed with pressure 
transducer gland 1/4" Conax obtained from Barnard Equipment 
Co., Tulsa. The instrument was calibrated using N.B.S Leeds 
and Northrup platinum resistance thermometer (serial # 
1761202). The calibration data are presented in Appendix B. 
Materials 
The physical solvents investigated in this study 
(propylene carbonate, tetra-ethylene-glycol-dimethyl-ether, 
tetra-hydrothiophene-1-1- dioxide) were research grade 
(purity not stated) from Pfaltz and Bauer, Inc., Stamford, 
Connecticut. The compressed gases (CH4 , co2 , H2S) were 
obtained from Matheson Co. Inc. Hydrogen sulfide and 
methane were C.P. grade. Minimum purities of the gases were 
given as: hydrogen sulfide 99.5%; methane 99.0%; carbon 
dioxide 99.5%. The materials were used as received without 
further purification. 
Gas Chromatograph 
The gas chromatograph was an isothermal Perkin-Elmer 
990 G.C. equipped with a thermal conductivity detector with 
1 milivolt recorder. It is a 10" long and 0.125" O.D. 
stainless steel column packed with 80/100 mesh n-octane on 
porasil C. The gas chromatograph was calibrated each day 
for which the analysis is needed with a standard mixture 




The auxiliary equipment consisted of (1) a vacuum 
pump, (2) potentiometer, (3) sodium hydroxide rinse 
bottles, (4) sample bombs, (5) lead and glass beads, (6) 
barometer, (7) thermometer, (8) snoop (leak detector), 
(9) valves and fittings. 
The vacuum pump (Welch Duo-seal, 1/3 horse power) was 
used to evacuate the test cell and sample container. The 
potentiometer was Leeds and Northrup model 8686. The 
potentiometer was capable of measuring potentials to within 
a temperature of 0.08°F. 
The sodium hydroxide scrubbing system consisted of 3 
filter flasks arranged in series. A flask was put in the 
line ahead of the NaOH rinse flasks to prevent sucking the 
NaOH solution into the equilibrium cell. The NaOH solutions 
were prepared by dissolving 100 gm. NaOH pellets in one 
liter of water. The H2s containing gases were vented from 
the equilibrium cell through the NaOH. The vacuum pump was 
used to take more before venting because of the inefficiency 
of the fume hood in the laboratory. 
The sample bombs for collecting gas samples for analysis 
were twelve in number and made from stainless steel from 
Whitey (304 HDF2-40). Each of the bombs had a volume of 
approximately 40 ml. with two openings, one at the top and 
the other at the bottom. The entrance at the bottom was 
plugged while the one at the top was equipped with a 1/8" 
Parker valve lOv-2071 to make control of passage of 
materials in and out of the bomb possible. 
15 
To prevent stratification of gas layers in the equili-
brium cell, lead or glass balls were added for homogeniz.ing 
gas mixture for each run. The outside diameter of each of 
the balls was about 0.12" and about eight were used for each 
run. The fluid used for checking for leaks was Snoop (leak 
detector) from Arlington, Illinois. 
All valves (Autoclave, lOv-2071) and fittings were 
manufactured by Autoclave. 
CHAPTER IV 
TECHNIQUE DEVELOPMENT 
As pointed out in Chapter II, equilibrium ratios in 
general are obtained by analyzing both liquid and gas samples 
obtained at equilibrium conditions. Since the data presented 
in this project were obtained by using a single equilibrium 
cell and sampling only the vapor phase, it is necessary to 
first prove that the data of this work are reproducible, 
~ consistent, and reliable. 
The purpose of this study is not to obtain extremely 
accurate and refined equilibrium constants for testing the 
validity of an equation of state, but to take experimental 
data that are within approximately ±10% that are suitable 
for use in Chemical Engineering process calculations. 
To prove the technique used in this study, the first 
thing that was done was to use the constant volume equili-
brium cell at room temperature to carry out various 
preliminary tests. 
The first of these series of test was conducted by 
using the constant volume equilibrium cell at room tempera-
ture with mixture , of about 10% carbon dioxide in methane at 
pressures of 500 psi or greater. The physical solvent 
employed was propylene carbonate. Gas samples were collected 
16 
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using a carbon steel bomb. The inconsistency in the 
K-values obtained is very pronounced as shown in Table I. 
The thing that was suspected to be responsible for the 
inconsistency of the data was insufficiency of mixing of the 
gas. Therefore, some mixing tests were carried out to see 
how long it takes for the gad to mix. 
A mixture of about 10% co2 in methane at 500 psi was 
made. About eight lead balls were added for mixing the gas 
mixture. Gas samples were withdrawn at different times. 
Mixing was complete after about one half hour as shown in 
Table II. 
The next thing that was done was to measure the 
equilibrium constant incorporating the new mixing technique 
(the use of lead balls for shaking the gas mixture)·. 
Mixtures of Sio and 10% respectively of co2 in methane at 
pressures of 500 psi or greater were used. The small beads 
as discussed in Chapter III were introduced for rapid mixing 
of the gases to prevent stratification. Lead beads were 
used for co2 runs while glass beads were used for H2S runs 
to prevent H2s from reacting with the lead. The physical 
solvents employed were methanol and N-methyl-pyrrolidone. 
Approximately 100 ml. of the solvent was used for each of 
the runs. The data obtained from this test as presented in 
Table III begin to show a high level of consistency. The 
data were fitted by plotting log K versus log P on a digital 
computer. The results as shown in Table IV, and Figure 2 







INCONSISTENT EQUILIBRIUM CONSTANT 
FOR co2 IN PROPYLENE CARBONATE 
io CO % C02 Volume Vapor 




8.1 7.0 98. 0 7xl0- 2 





















RESULTS OF MIXING 
Procedure 
and Waiting for 
After Mixing and again Waiting 
for another 15 Minutes 
After Mixing again and Waiting 











511. 28 76.0 
961. 3 6 78.0 
974.23 78.0 





RESULTS OF PRELIMINARY RUNS FOR C02 K-VALUES IN 
M-PYROL AND METHANOL AT ROOM TEMPERATURE 
l-methyl-2-pyrrolidone 
% co % co Volume Vapor Liquid 
Initially Finally of Mole Mole 
Solvent Fraction Fraction 
(ml.) Yeo Xco 
2 2 
--
7.72 5.48 97.5 5.48xl0 -2 3.5lxl0 -2 
12.10 8.39 97.0 8.39xl0 -2 5.73xl0 -2 
5.69 4.57 95.0 4.57xl0- 2 3.85xl0-2 
12.86 8.47 93.0 8.47xl0 -2 6.6lxl0 -2 
Methanol 
7.68 5.75 102.0 5.75xl0-2 l.38xl0- 2 
12.02 8.83 100.0 8.83xl0 -2 2.28xl0- 2 
10.64 8.37 98. 0 8.37xl0 -2 3.05xl0 -2 
























RESULTS OF COMPUTER FITS FOR C02 K-VALUES IN 
M-PYROL AND METHANOL AT ROOM TEMPERATURE 
l-methyl-2-pyrrolidone 
Experimental Calculated % Average Absolute 
K-value K-value Error % Deviation for 
all the Points 
1. 56 1.510 3.18 
1.46 1. 503 -2.98 
3.46 
1.119 1.234 -3.70 
1.28 1. 229 3.99 
Methanol 
4.17 4.023 3.51 
3.87 4.000 -3.37 2.095 
2.74 2.834 -3.53 















Figure 2. Preliminary Runs For co2 K-values in M-Pyrol and 
Methanol at Room Temperature 
M-pyrol and Methanol are 3.46 and 2.095 respectively. 
To ascertain that the same technique by mixing with 
glass balls and collecting samples in a carbon steel bomb 
will work for H2S as well, similar runs were made on H2s. 
The results were erratic. Many of the analyses after the 
introduction of the solvent showed no trace of H2s. The 
preliminary conclusion was that the use of a carbon-steel 
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sample bomb will not be suitable for H2s runs. Even coating 
the carbon steel bomb with H2s before taking the samples 
yielded poor gas chromatograph analyses. Tygon tubing in 
the line between the standard gas and the chromatograph was 
also a problem. Gas sample containing H2s that stayed 
fairly in tygon tubing did not give consistent results 
because the H2s is adsorbed on the tygon. Use of a stain-
less steel sample container and replacing the tygon tube on 
the gas chromatograph line with stainless steel pipe solved 
the problem. 
To further prove that the data of this study are 
reliable, some of the data published by Isaac et al. 21 were 
reproduced with the apparatus used in this study. This was 
in essence to determine the solubility of pure co2 in 
propylene carbonate at 40°c and a pressure of about 500 psi. 
Three runs were made. Two of the three runs were almost 
identical using 197 ml. of propylene carbonate each to check 
the reproducibility of the apparatus used in this study. 
The other run was made using about 355 ml. of propylene 
carbonate. The solubilities were measured by observation of 
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the drop in pressure of the gas when the solvent was added. 
Results as presented in Table V. show that the data obtained 
in this work are within 10% of that of Isaac et al. 21 
Moreover, we obtained excellent reproducibility with our 
apparatus. 
The next four sets of runs to determine solubility of 
both H2S and co2 in propylene carbonate are the following: 
(a) mixtures of H2s, co2 and CH4 ; (b) mixtures of H2S and 
co2 without CH4 ; (c) mixtures of co2 and CH4 ; (d) mixtures 
of H2s and CH4 . Runs (a) and (b) were made at temperature 
of 40°C with 100 ml. and 120 ml. of propylene carbonate 
respectively, while runs (c) and (d) were made each with 
approximately 100 ml. of propylene carbonate each at 
temperature of 40°c. Gas samples were withdrawn for analy-
sis before the solvent was added and after the solvent was 
added to measure the solubilities of the acid gases. 
The results as presented in Tables VI, VII, and VIII 
show that the data of this work in comparison with Isaac et 
al. 21 are in excellent agreement. They are within ±10% in 
every case except for two cases where the deviation went as 
high as 17% and 76%. Detailed sample calculations are 
presented in Appendix F. 
Author 
This Work 
Isaac et al. 21 --
This Work 
Isaac et al. 21 --
This Work 
Isaac et al. 21 --
TABLE V 
LITERATURE COMPARISON OF PURE C02 SOLUBILITY 
IN PROPYLENE CARBONATE 
Temperature Pressure of Mole Ratio 
(DC) co in Liquid 
(kpJ <l 
40.0 2533.13 0.2846 
40.0 2533.13 o.2650 
40.0 2482.11 0.2826 
40.0 2482.11 0.2600 
40.0 2119.44 0.2310 











Isaac et al. 21 --
TABLE VI 
LITERATURE COMPARISON OF C02 AND H2S 
SOLUBILITY IN PROPYLENE CARBONATE 




40.0 579.30 1. 9369 0.102 
40.0 579.30 - 0.093 




This Work 40.0 452.43 0.6738 0.0455 
0.0550 21 Isaac et al. 40.0 452.43 
(This Work used mixtures of C02 + H2S and CH4 
Isaac et al. used either pure HzS or C02 















LITERATURE COMPARISON OF co2 AND H2S 
SOLUBILITY IN PROPYLENE CARBONATE 




40.0 2683.64 4.1766 0.2950 
40.0 2683.64 - 0.2930 




40.0 435.75 1. 4212 0.141 
21 Isaac et al. 40.0 435.75 0.08 -- -
(This Work used mixtures of COz and HzS without CH4 
Isaac et al. used either pure HzS or COz 











Isaac et al. 21 --
Author 
This Work 
Isaac et al. 21 --
TABLE VIII 
LITERATURE COMPARISON OF C02 AND HzS 
SOLUBILITY IN PROPYLENE CARBONATE 




40.0 689.47 1.87 0.0566 
40.0 689.47 - 0.06 





40.0 689.47 0.643 0.185 
40.0 689.47 - 0.20 
(This Work used mixtures of co2+CH4 and H2S+CH4 
Isaac et al. used either pure H2S or co2 











The procedure used in taking the experimental data 
and calculating the experimental K-values will be described. 
Operational Procedure 
The equilibrium cell was cleaned, assembled insuring 
that some few lead or glass beads were put in for shaking 
the gas mixture to prevent stratification. Set the tempera-
ture control bath to the desired temperature and go through 
the following steps: 
1. Evacuate the equilibrium cell and the gas feed 
lines with valves 6, 7, 8, 9, 11, and 15 closed. 
2. close valves 10 and 12, then admit a small amount 
of H2S or co2 into the equilibrium cell to ensure that 
pressure in the equilibrium cell is slightly above atmos-
pheric. Open valve 15. This step is to prevent pulling a 
vacuum on the pressure gauge. 
3. Add a predetermined amount of H2s or co2 into the 
cell by observation of the pressure and wait for about two 
minutes for the cell pressure to stabilize. 
4. Check for leakage with snoop. 
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5. Record the pressure. 
6. Isolate the equilibrium cell from the rest of the 
system by breaking it off from valves 4 and 5. Shake 
vigorously and set it into the constant temperature bath for 
at least one hour. Then record the temperature and the 
pressure. 
7. Re-connect the equilibrium cell to the rest of the 
system and evacuate the gas feed lines up to valve 5 with 
valves 6, 7, 8, 9, and 11 closed. 
8. Close valves 10 and 12, and add methane until 
approximately the total pressure desired is reached. Wait 
for about two minutes. 
9. Check for leakage with snoop. 
10. Isolate the equilibrium cell and shake the gas 
mixture to avoid stratification. 
11. Set the equilibrium cell in the constant tempera-
ture bath. When the temperature is steady, record the 
pressure. 
12. Re-connect the equilibrium cell to the rest of the 
system and evacuate the gas feed lines and the sample bomb 
with valves 6, 8, 9, and 11 closed. 
13. Close valves 10 and 12, open valve 5 and withdraw a 
gas sample. Make sure that the pressure of the sample in 
the sample bomb is above atmospheric to prevent leakage of 
air into the sample. 
14. Set the equilibrium cell back into the temperature 
bath for about one half hour and record the total pressure. 
15. Insert the equilibrium. cell back into the liquid 
feed line by connections at valve 4. Make sure that the 
lines are carefully bled of air to ensure adequate pumping 
of the solvent. 
31 
16. Introduce about 100 ml. of the solvent with the 
Ruska displacement pump and set the equilibrium cell back 
into the constant temperature bath. Shake the cell periodi-
cally for 18 to 20 hours. 
17. After equilibrium has been reached, record the 
final total pressure and temperature. 
18. Take gas sample as in steps 12 and 13. 
19. Vent the remaining gas mixture through the sodium 
hydroxide scrubber to remove the acidic components of the 
mixture. 
20. Clean the equilibrium cell with soap and water. 
Rinse the lines with acetone and repeat steps 1 to 19 for 
another run. 
21. The used solvent is filtered and regenerated for 
re-use by heating gently under the hood to bubble off the 
absorbed gas. 
Determination of Experimental 
Equilibrium K-values 
Before absorption: From the equilibrium cell volume, 
the gas temperature and pressure prior to the introduction 
of the solvent absorber, the total number of moles of gas 
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present is known. Since the gas sample is taken before the 
introduction of the solvent, the composition of the input 
gas, and the number of moles of each component are known. 
After absorption: From the analysis of the gas sample 
taken at equilibrium the composition of the equilibrium 
vapor phase is known. At this point, three assumptions 
are made: 
1. The liquid phase at equilibrium is assumed to have 
a volume equal to that of the liquid solvent charged to the 
system. 
2. None of the liquid solvent is present in the vapor 
phase. 
3. No methane is absorbed in the liquid. 
From the volume of the gas at equilibrium, 
(Vcell - Vliquid), the temperature, and equilibrium total 
pressure of the gas, the total number of moles, and the 
number of moles of each component of the gas are known. 
From a mass balance around the closed system, the number of 
moles of each component in the liquid phase and the liquid 
composition are known. The equilibrium K-values for each 
component are determined as K. = y./x .. A sample calcula-
i 1. 1. 
tion is presented in Appendix E. 
CHAPTER VI 
EXPERIMENTAL RESULTS AND DISCUSSION 
Experimental equilibrium ratio data were obtained for 
carbon dioxide and hydrogen sulfide in several physical 
solvents over a range of temperatures and pressures. This 
chapter presents the results of an examination and anlysis 
of the experimental data. The experimental data are 
presented in graphical and tabular form. Appendix D contains 
the raw experimental data from which the results reported 
here were obtained. 
The data were taken on the following systems: 
1. Carbon dioxide - Methane - Propylene Carbonate 
2. Carbon dioxide - Methane - Selexol 
3. Carbon dioxide - Methane - Sulfolane 
4. Hydrogen sulfide - Methane - Propylene Carbonate 
5. Hydrogen sulfide - Methane - Selexol 
6. Hydrogen sulfide - Methane - Sulfolane 
Each of the systems was run at temperatures of 50 to 
150°F and pressures from 100 to 1000 psia. The experimental 
equilibrium constants for systems 1 to 3 for carbon dioxide 
are given in Tables IX to XI. 
Those of hydrogen sulfide listed in 4 to 6 are presented 
in Tables XII to XIV. Figures 3 to 8 illustrate the K-values 
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of systems 1 through 6. 
There were no physical solvent data in the literature 
which could be used to make a direct comparison with the 
data presented in this study. However, the overall results 
show a great deal of reliability for reproducibility and 
consistency. 
Data Trends 
Based on the experimental results of this work, some 
general comments are possible regarding the effects of the 
physical solvents on the K-values of carbon dioxide and 
hydrogen sulfide. 
For carbon dioxide the equilibrium ratio in sulfolane 
is from 8 to 44% higher than in propylene carbonate for the 
measurements made at S0°F and room temperature while the 
reverse is observed at 150°F. Propylene carbonate is higher 
from 19 to 44%. The greater deviations are at higher 
pressures at S0°F and room temperature while it occured at 
lower pressure at 1S0°F. 
Carbon dioxide K-value in propylene carbonate is higher 
than in selexol over the complete temperature range (50 to 
1S0°F). The equilibrium ratio is from 90 to 290% higher and 
the greater deviations are at lower pressures and higher 
temperatures. 
Just the opposite effect of carbon dioxide is seen for 
the hydrogen sulfide K-values. In propylene carbonate, the 
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hydrogen sulfide K-values are approximately 10 to 50% higher 
than in sulfolane. However, hydrogen sulfide K-values in 
selexol remain the lowest of the three physical solvents. 
Total Tempera-












EXPERIMENTAL K-VALUES OF CARBON DIOXIDE 
IN PROPYLENE CARBONATE 
% C02 % co Volume Vapor 




13.2 10.0 100.0 1. OxlO -1 
9.98 7.37 95.0 7.37xl0 -2 
9.34 7.24 95.0 7.24xl0 -2 
13.34 10.65 98.0 1. 065xl0-l 
10.0 7.94 98.0 7.94xl0 -2 
9.15 7.71 98. 0 7.7lxl0 -2 
14.45 13.04 98.0 l .304xl0 -1 
11.33 10.01 96.0 l.OlxlO -1 






1. 33xl0- 2 7.5188 
3.9lxl0-2 1. 8849 
7.12xl0- 2 1.0169 
l.18xl0 -2 9.0254 
2.88xl0 -2 2.7569 
4.46xl0 -2 1. 7287 
6.25xl0-3 20.8640 
l.80xl0 -2 5.5556 
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PRESSURE (PSIA) 









527.31 81. 2 
169.26 147.6 
TABLE X 
EXPERIMENTAL K-VALUES OF CARBON DIOXIDE 
IN SELEXOL 
% co % C02 Volume Vapor 




12.07 9.04 98.0 9.04xl0 -2 
9.24 6.83 97.5 6.83xl0 -2 
8.89 7.07 97.0 7.07xl0 -2 
12.95 10.42 102.0 l .042xl0 -1 
9.64 7.84 100.0 7.84xl0 -2 
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EXPERIMENTAL K-VALUES OF CARBON DIOXIDE 
IN SULFOLANE 
% co % C02 Volume Vapor 




12.48 10.4 96.0 . -1 1. 04xl0 
9.82 7.79 100.0 7.79xl0 -2 
13.10 10. 71 95.0 l.07xl0 -1 
9.72 8.07 95.0 8.07xl0 -2 







1. 20xl0 -2 
3.23xl0-2 
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EXPERIMENTAL K-VALUES OF HYDROGEN SULFIDE 
IN PROPYLENE CARBONATE 
% H2S % H S Volume Vapor 
Initially Finatly of Mole 
Solvent Fraction 
(ml.) YH S 
2 
13.24 5.55 95.0 5.55xl0-2 
9.35 4.04 96.0 4.04xl0 -2 
13.22 6.21 105.0 6.2lxl0 -2 





























· 1 ..___.___.__.._..~~1~00~~"----'---'-..i.-l--'-'1~0~0-0----' 
PRESSURE (PSIA) 










. 161. 43 148.4 
TABLE XIII 
EXPERIMENTAL K-VALUES OF HYDROGEN SULFIDE 
IN SELEXOL 
% H2S % H S Volume Vapor 
Initially Finatly of Mole 
Solvent Fraction 
(ml.) YH S 
2 
13.66 2.95 96.5 2.95xl0 -2 
9.79 2.59 100.0 2.59xl0 -2 
14.57 4.67 97.0 4.67xl0 -2 
10.29 3.20 95.0 3.20xl0 -2 












































EXPERIMENTAL K-VALUES OF HYDROGEN SULFIDE 
IN SULFOLANE 
% H2S % H S Volume Vapor 
Initially Finatly of Mole 
Solvent Fraction 
(ml.) YH S 
2 
14.30 5.92 100.0 5.92xl0 -2 
9.72 3.18 101.0 3.18xl0 -2 
14. 72 6.26 96.0 6.26xl0 -2 
9.98 4.59 94.0 4.59xl0 -2 



























· 1 .___._--1-~ ....... ~1~0-o~~L--_._--l--l-J....J-~10~0~0~--' 
PRESSURE (PSIA) 
Figure 8. K-values for Hydrogen Sulfide 
in Sulf olane 
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CHAPTER VII 
CONCLUSIONS AND RECOMMENDATIONS 
This study consists of developing a simple procedure 
and an investigation of the vaporization equilibrium ratios 
of carbon dioxide and hydrogen sulfide in physical solvents. 
A simple procedure using a single equilibrium cell was 
developed for the determination of the K-values for the 
components and conditions of interest in this study. The 
method employed using a single equilibrium cell and sampling 
only the vapor phase. 
The following conclusions were made from this study: 
1. The technique developed and the apparatus designed 
were sound as illustrated by the consistency and the 
reliability of the data taken. 
2. For carbon dioxide K-values in sulfolane, propylene 
carbonate and selexol comparisons, the order is sulfolane > 
propylene carbonate > selexol except for the measurements at 
150°F where propylene carbonate values are higher than 
sulfolane. 
3. For hydrogen sulfide K-values in sulfolane, 
propylene carbonate and selexol, the order is propylene 
carbonate > sulfolane > selexol. 
4. Out of the three physical solvents investigated, 
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selexol is the most effective for both hydrogen sulfide and 
carbon dioxide removal from sour gas streams as reflected 
from the results of K-values determinations. 
The following recommendations are made from the results 
of this study for future work in this area of research: 
1. An attempt to house the whole experimental set up 
in a temperature control environment as opposed to taking 
the cell out each time for sampling should be considered to 
increase the accuracy of the measurements. 
2. A mechanical device for mixing or shaking the 
equilibrium cell content should be introduced to make the 
rocking mechanism simple and more uniform. 
3. The Ruska pump should be replaced if at all 
possible because the packing is worn-out and caused frequent 
leakages through the packing nut. Moreover, this change is 
recommended to make the introduction of the solvent easier. 
4. To substantiate the assumption that no appreciable 
amount of methane dissolves in the solvents, attempts ahould 
be made to sample the liquid and check methane K-values. 
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APPENDIX A 
























DENSITIES OF SOLVENTS 
Molecular Density at Density at 
Weight 50°F 77°F 
(gm. /ml.) (gm. /ml.) 
102.09 1. 212 1.198 
120.17 1. 2447 1.2229 
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CALIBRATION OF THERMOCOUPLE 
A cromel-alumel thermocoupie was used to measure the 
system temperature for this study. The thermocouple was 
calibrated in a constant temperature bath. An NBS paltinum 
resistance thermometer was used to measure the temperature 
of the bath. 
The thermocouple was calibrated by reading the 
temperature from the platinum resistance thermometer and 
reading the emf of the thermocouple. Figure 9 shows a plot 
of the difference between the thermocouple reading and the 
reading of the platinum resistance thermometer. 
The data were fitted to a quadratic equation represen-
ted at the bottom of Table XVII by a regression analysis 
method. 
Define Tc = corrected temperature 
Tp = temperature read from table 
Then Tc = Tp + ~T 
TABLE XVII 










































































Quadratic Regression = a 0 + a1Tp + a 2Tp 2 
Where a = 0 0.345355 
al = 0.005912 











0 ·0o 50 100 
THERMOCOUPLE TABLE READING Tp (°C) 
Figure 9. Deviation of Thermocouple Readings From Thermocouple Table 
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PRESSURE GAUGE CALIBRATION DATA 
The calibration of the pressure gauge were carried 




RTL PRESSURE GAUGE CALIBRATION DATA 
Model No: 101FTM13A41 Serial No: 579108 
Applied Indicated Indicated 
Pressure Pressure Pressure 
(psi) (Increasing) (Decreasing) 
(psi) (psi) 
0 0 0 
400 398 403 
800 798 803 
1000 998 1003 
1200 1199 1203 
1600 1599 1602 
2000 1996 1996 
Model No: 101FTM13A41 Serial No: 107896 
0 0 0 
400 400 401 
800 799 802 
1000 999 1002 
1200 1200 1203 
1600 1600 1602 
2000 1998 1998 
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RAW DATA FOR OBTAINING K-VALUES OF co2 
IN Co2-cH4-PROPYLENE CARBONATE 
co2 Feed Total Feed Temperature Volume Equilibrium 
Pressure Pressure of of Total 
(psia) With CH4 Run Solvent Pressure 
. (psia) (OF) Used (psia) 
(ml.) 
18.7 140.2 48.2 100.0 145.7 
46.3 474.3 48.2 95.0 496.3 
93.3 942.3 48.2 95.0 993.3 
20.93 140.26 74.3 98.0 145.26 
50.32 486.32 75.2 98.0 520.32 
100.26 990.26 74.8 98.0 1050.26 
24.33 144.82 148.2 98.0 153.32 
60.25 505.25 146.35 96.0 543.25 
113.25 1016.25 145.1 96.0 1084.25 
67 
TABLE XX 
RAW DATA FOR OBTAINING K-VALUES OF 
co2 IN co2-cH4-SELEXOL 
co2 Feed Total Feed Temperature Volume Equilibrium 
Pressure Pressure of of Total 
(psia) With CH4 Run Solvent Pressure 
(psia) (OF) Used (psia) 
(ml.) 
18.7 146.23 47.0 98.0 149.23 
46.45 483.45 46.3 97.5 504.45 
93. 23 948.23 47.0 97.0 1000.23 
20.98 143.31 85.2 102.0 150.31 
50.31 496.31 81. 2 100.0 527.31 
100.33 993.33 78.7 97.0 1057.33 
23.12 160.26 147.6 95.0 169.26 
55.21 504.21 145.0 95.0 535.21 
114.26 1015.26 145.6 95.5 1086.26 
68 
TABLE XXI 
RAW DATA FOR OBTAINING K-VALUES OF 
co2 IN co2-cH4-SULFOLANE 
C02 Feed Total Feed Temperature Volume Equilibrium 
Pressure Pressure of of Total 
(psia) With CH4 Run Solvent Pressure 
(psia) (OF) Used (psia) 
(ml.) 
18.79 145.29 49.5 96.0 153.79 
46.29 478.3 49.2 100.0 512.29 
94.25 944.29 47.5 98.0 1018.29 
20.96 140.29 77.4 95.0 152.79 
50.44 494.44 77.9 95.0 530.44 
100.44 988.44 77.9 95.0 1066.44 
23.2 149.33 145.4 100.0 159.33 
56.31 527.31 144.7 95.0 564.31 
113.31 1066.31 141.7 95.0 1138.31 
69 
TABLE XXII 
RAW DATA FOR OBTAINING K-VALUES OF H2S 
IN H2S-CH4-PROPYLENE CARBONATE 
H2s Feed Total Feed Temperature Volume Equilibrium 
Pressure Pressure of of Total 
(psia) With CH4 Run Solvent Pressure 
(psia) (OF) Used (psia) 
(ml.) 
18.68 154.68 48.5 95.0 155.68 
45.4 496.4 48.8 96.0 515.4 
93.4 970.4 48.8 100.0 1023.4 
20.88 158.71 83.7 105.0 158.21 
50.21 498.21 85.0 100.0 510.21 
101.18 987.18 87.4 97.0 1052.18 
23.25 162.38 146.3 95.0 166.38 
56.41 530.41 147.1 100.0 557.41 
113.38 1043.38 146.7 95.0 1098.38 
70 
TABLE XXIII 
RAW DATA FOR OBTAINING K.;.VALUES OF 
HzS IN HzS-CH4-SELEXOL 
HzS Feed Total Feed Temperature Volume Equilibrium 
Pressure Pressure of of Total 
(psia) With CH4 Run Solvent Pressure 
(psia) (OF) Used (psia) 
(ml.) 
18.8 153.8 45.2 96.5 148.8 
45.33 488.33 47.9 100.0 497.33 
93.3 975.3 50.0 102.0 1012.3 
21. 0 155.33 77.0 97.0 151.33 
50.38 490.38 74.1 95.0 495.38 
100.43 1013.43 71. 2 94.5 1033.43 
23.3 160.43 148.4 100.0 161.43 
56.33 507.33 145.8 95.0 517.33 
113.33 1062.33 147.1 ,_ 95. 0 1098.33 
71 
TABLE XXIV 
RAW DATA FOR OBTAINING K-VALUES OF 
H2s IN H2S-CH4-SULFOLANE 
HzS Feed Total Feed Temperature Volume Equilibrium 
Pressure Pressure of of Total 
(psia) With CH4 Run Solvent Pressure 
(psia) (OF) Used (psia) 
(ml.) 
19.06 148.06 44.7 100.0 148.56 
46.36 500. 36 41. 5 101.0 518.36 
93.36 990.36 41. 5 100.0 1043.36 
20.9 155.73 73.2 96.0 156.23 
50.23 497.23 73.4 94.0 516.23 
99.56 1016.56 74.3 97.0 1096.56 
23.07 161.7 142.3 97.0 166.2 
56.43 492.45 147.6 96.0 515.43 
113.2 1090.2 145.4 95.0 1158.2 
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System= co2-cH4-propylene carbonate 
Temperature of run= 508.2°R 
Volume of equilibrium cell= 0.998 liter 
Density of propylene carbonate at the operating 
condition= 1.212 gm./ml. 
Pea = 93.3 psia 
2 
PTotal = 954.3 psia 
PTotal after taking sample = 942.3 psia 
Compute moles of co2 introduced initially: 
T = T _ 508.2 = O 93 
r Tc - 548 · 
p = p - 93 · 3 = 0.087 
r Pc - I073 
From reference (40), Fig. 2.13 
z = 0.95 
= PV ZRT 
= (93.3 psia)(0.998 liters)(0~03532 £t3/liter) 
(0.95)(10.73 psia-ft3) (508.2°R) 
lbmole OR 
= 6.36 x 10-4 lbmole 
Compute total moles of gas initially: 
73 
From gas chromatograph analysis of the gas mixture before 
the introduction of the solvent 
= 0.0934 
= 0.906 
p = Y.P . + Y.P . pc J. CJ. J CJ 
Tpc = Y.T . + Y.T . J. CJ. J CJ 
ppc = (0.0934)(1073) + (0.906)(667.8) = 705.25 
Tpc = (0.0934)(548) + (0.906)(343.37) = 362.28 OR 
Adjusting the pseudo critical temperature for the presence 
of co2 in natural gas 
From 
Tpc = Tpc - e: 
Tpc 
I = adjusted pseudo critical temperature, 
e: = pseudo critical adjustment factor. 
figure 2.14, reference (40), 
e: = 11.5 °R for 9.34% co2, 0% H2S 
Tpc = 362.26 - 11.5 = 351.28 °R 
OR 
Adjusting the pseudo critical pressure for the presence of 
co2 in natural gas 
= ~~p~p_c~x~T_p_c~~­
T pc+ B(l-B)e: 
where Ppc = adjusted pseudo critical pressure; psia 
74 
B = mole fraction of H2S in the sour gas 
~ = ppc x T 
pc 
















From reference (40), figure 2.13, 





= (942.3 psia)(0.998 liters)(0.03532 ft 3/liter) 
(0.85)(10.73 psia-ft3)(508.2°R) 
lbmole0 R 
= 7.18 x 10-3 lbmole 
G.C. calculation of the amount of co2 introduced initially: 
= (0.0934)(7.18 x 10-3) = 6.71 x 10-4 lbmole 
Volume of propylene carbonate used= 95.0 ml. 
Number of moles: 
95 ml. , l. 212 gm., gmmole 
ml. 102.09 gm. 
= 2.48 x 10-3 lbmole 
1 lbmole 
454 gmmole 
Mole fraction of co2 in the vapor phase from gas chromato-




Compute NTotal in the vapor phase after the solvent is added 
and equilibrium is established: 
PTotal (Equilibrium) = 993.3 psia 
Ppc = (0.0724)(1073) + (0.928)(667.8) = 697.40 psia 
Tpc = (0.0724)(548) + (0.928)(343.37) = 358.32 
e; = 10°R for 7.24% C02, 0% H2S 
Tpc = 358.32 - 10 = 348.32°R 
p = (697.4)(348.32) = 677.94 psia pc 
358.32 
= 993.3 = 1.47 
677.94 
= 508.2 = 1. 46 
348.32 
z = 0.845 
Volume of vapor phase: 
95 
V = 0.998 liters - lOOO liters= 0.903 liters 
= (993.3 psia)(0.903 liters)(0.03532 ft3/liter) 
(0.845)(10.73 psia-ft3)(508.2°R) 
lbmole0 R 
= 6.89 x 10-3 lbmole 
Moles of co2 in the gas phase at equilibrium : 
(0.0724)(6.89 x 10-3) = 4.99 x lo-4 lbmole 
Moles of co2 absorbed by propylene carbonate: 
Moles of co2 Moles of co2 
= introduced in the gas phase = nco 
2 
initially at equilibrium 
= 6.71 x 10-4 -4 4.99 x 10 = 1.72 x 10-4 lbmole 
Mole fraction of co2 (XCO ) in propylene carbonate assuming 
2 




-4 -2 = 1.72 x 10 = 6.49 x 10 
1. 72 x 10-4 + 2.48 x lo- 3 
Yeo 
7.24 x 10-2 8 Keo = 2 = = Xco 6.49 x 10-2 2 2 
77 
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(A) Solubility Calculated from Pressure Drop After 
the introduction of the Solvent 
System = co2-propylene carbonate 
Temperature of run= 559.S0 R 
Density of propylene carbonate at the operating 
condition= 1.19022 gm./ml. 
Volume of the equilibrium cell = l liter 
Initial pressure of co2 = 485.4 psia 
Final pressure of co2 = 307.4 psia 
Volume of propylene carbonate used = 355 ml. 
Final volume of equilibrium cell Vf: 
vf = 0.998 355 - -- = 0.645 liters 
1000 
co2 compressibility factor at the initial condition 
= 0.8362 
co2 compressibility factor at the final condition 
= 0.8960 







= (485.4 psia)(0.998 liters)(0.03532 ft 3/liter) 




= 3.41 x 10-3 lbmole 
Compute moles of co2 finally: 
nf,co2 = (307.4 psia)(0.645 liters)(0.03532 ft3/liter) 
(0.8960)(10.73 psia-ft3)(559.5°R) 
lbmole0 R 
= 1.30 x 10-3 lbmole 
Moles of co2 dissolved in propylene carbonate 
3.41 x 10-3 - 1.30 x 10-3 = 2.11 x 10-3 lbmole 
Moles of propylene carbonate used: 
355 ml. 1.19022 gm. gnnnole lbmole 
ml. 102.09 gm. 454 gmmole 
= 9.12 x 10-3 lbmole 
mole of co2 in liquid = mole ratio = ~~~~~~~~~~~~~ 
= 
mole of propylene carbonate 
2.11 x lo-3 = 0.231 
9.12 x io-3 
With the final pressure of 307.4 psia = 2119.44 kp 
a= 0.214 (see figure 10, the work of Isaac et al. 21 ) 
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Figure 10. Solubility of co2 In Propylene Carbonate At 40°c 
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(B) Solubility Calculated from G.C. Analysis 
Taking Samples Before and After the 
Introduction of the Solvent 
System= H2s-cH4-co2-propylene carbonate 
Temperature of run = 559.3°R 
Density of propylene carbonate at the operating 
condition= 1.19022 gm./ml. 
Volume of the equilibrium cell = 1 liter 
PTotal of the mixture = 1070.43 psia 
P after taking sample = 1048.43 psia Total 
From gas chromatograph analysis of the gas mixture before 
the introduction of the solvent 
YH S = 0.0905 
2 
Yeo = 0.0866 
2 
YCH = 0.8228 
4 
Compute total moles initially 
ppc = Y.P . + Y.P . + ykpck 
J. CJ. J CJ 
Tpc = Y.T . + Y.T . + YkTck 
J. Cl. J CJ 
Ppc = (0.0905)(1306)+(0.0866)(1073)+(0.8228)(667.8) 
82 
= 760.58 psia 
Tpc = (0.0905)(672.7)+(0.0866)(548)+(0.8228)(343.37) 
= 390.86°R 
Adjusting the pseudo critical temperature for the presence 
of co2 and H2s in natural gas 
T I = T e: pc pc -
From figure 2.14, reference (40), 
e: = 22.5 for 9.05% H2s, 8.66% co2 
Tpc' = 390.86 - 22.5 = 368.36°R 
p T I 
p = pc x pc pc -----~~~-....._~-
T + B(l-B)e: pc 
= (760.58)(368.36) 
390.86 + (0.0905)(1-0.0905)(22.5) 
= 715.30 psia 
Pr= 1048.43 = 1.47; 
715.30 
T = 559.3 = 1.52 
r 368.36 
From figure 2.13, reference (40), 
z = 0.87 
NTotal = PV 
ZRT 
83 
= (1048.43 psia)(0.998 liters)(0.03532 ft3/liter) 
(0.87)(10.73 psia-ft3)(559.3°R) 
lbmole0 R 
= 7.09 x 10-3 lbmole 
Moles of H2s initially= (0.0905)(7.09 x 10-3) 
=6.42 x 10-4 lbmole 
Moles of co2 initially= (0.0866)(7.09 x 10-3) 
= 6.14 x 10-4 lbmole 
Volume of propylene carbonate used = 95 ml. 
Number of moles: 
95 ml. 11.19022 gm. 
I 
gm. mole 145~ lbmole ml. 102.09 gm. gmmole 
= 2.44 x 10-3 lbmole 
Mole fraction of co2 and H2s in the vapor phase from gas 
chromatograph analysis at equilibrium: 
YR S = 0.0599 2 
Yeo = 0.0767 
2 
YCH = 0.8635 
4 
84 
Compute NTotal in the vapor phase after the solvent is added 
and equilibrium is established: 
PTotal (Equilibrium) = 1095.43 psia 
Ppc = (0.0599)(1306)+(0.0767)(1073)+(0.8635)(667.8) 
= 737.17 psia 
Tpc = (0.0599)(672.7)+(0.0767)(548)+(0.8635)(343.37) 
= 378.83°R 
E = 19°R for 5.99% H2S, 7.67% COz 
= 378.83 - 19 = 359.83°R 
p = (737.17)(359.83) pc 
378.83 + (0.0599)(1-0.0599)(19) 
= 698.48 psia 
Pr = p = 1095.43 = 1.57 
~ 698.48 
Tr = T = 559.3 = 1. 55 
T' pc 359.83 
z = 0.89 
Volume of vapor phase: 
V = 0.998 liters - 95 liter = 0.905 liters 
IOOO 
85 
NTotal = (1095.43 psia)(0.905 liters)(0.03532 ft3/liter) 
(0.89)(10.73 psia-ft3)(559.3°R) 
lbmole0 R 
= 6.56 x 10-3 lbmole 
Moles of H2S in the gas phase at equilibrium 
= (0.0599)(6.56 x 10-3) = 3.93 x 10-4 lbmole 
Moles of co2 in the gas phase at equilibrium 
= (0.0767)(6.56 x 10-3) = 5.03 x 10-4 lbmole 
Moles of H2S in propylene carbonate: 
6.42 x 10-4 - 3.93 x 10-4 = 2.49 x 10-4 lbmole 
Moles of co2 in propylene carbonate: 
6.14 x 10-4 - 5.03 x 10-4 = 1.11 x 10-4 lbmole 
a = mole ratio = mole of acid gas in liquid 
mole of liquid 
2.49 x lo-4 = 0.102 
2.44 x lo-3 
= 1.11 x io-4 
2.44 x lo-3 
Partial pressures: 
86 
= I o.0455 l 
PH2S = (0. 0599) (1095. 43) = 65. 62. psia = j 452. 43 kp I 
Pe02 = (0.0767)(1095.43) = 84.02 psia =. [597.30 kpl 
XH s - 2 . 4 9 x 10 - 4 
2 2.49 x lo-4 + 1.11 x io-4 + 2.44 x lo-3 
= 8.89 x 10-2 
Xeo = 1.11 x 10-4 2 
lo-4 + lo-4 + 2.44 x lo-3 1.11 x 2.49 x 
= 3.96 x 10-2 
io- 2 . KH S = YR2S 5.99 x = 10.67381 = 2 8.89 x 10-2 
XH S 
2 
Yeo 10- 2 
Keo 
2 = 7..67 x = Ji. 93691 - xco io- 2 2 3.96 x 2 
4000--~--r-----.,.-----,------,-------.-----.-----, 
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